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© Anti-flaking measures In molecular-beam-epitaxy apparatus, and method of manufacture. 



© Molecular beam epitaxy deposition apparatus is 
designed for minimized flake-off material deposited 
on interior surfaces, thereby reducing evaporation 
source material contamination, minimizing the pres- 
ence of extraneous particles on deposition surfaces, 
and enhancing the production yield of semiconduc- 
tor device chips. Such design includes a surface 
whose properties match those of material being de- 
posited, also, surface heating can be employed. Par- 
ticularly effective are provisions for epitaxial deposi- 
tion on surfaces. These measures may be applied, 
e.g., to shutters and to coyer plates, and especially 
in apparatus for the deposition of silicon and germa- 
^Inium by electron-beam evaporation. 
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ANTI-FLAKING MEASURES IN MOLECULAR-BEAM-EPITAXY APPARATUS AND METHOD OF MANUFAC- 
TURE 



Technical Field 

The invention is concerned with molecular- 
beam-epitaxy deposition apparatus and with the 
use of such apparatus. 

Background of the Invention 

Molecular-beam epitaxy (MBE) as compared, 
e.g., with chemical vapor deposition (CVD) offers a 
number of advantages in device manufacture such 
as, e.g., high-precision control over dopant levels 
and of deposited layer thickness. While many well- 
established semiconductor devices can be manu- 
factured satisfactorily without such control, MBE 
capabilities have particularly benefited more recent 
device developments as based on the use of pre- 
cisely defined heterostructures and. especially, 
heterostructure superlattices. In this respect, MBE 
deposition is no longer considered to be of interest 
primarily in the manufacture of semiconductor de- 
vices based on Group lll-V and Group ll-Vl com- 
pound semiconductor materials; rather, superlattice 
devices may typically involve the deposition of 
precisely controlled layers of silicon, germanium, 
silicon-germanium alloys, and compounds involving 
silicon or germanium. 

Initially. MBE apparatus specifically intended 
for silicon and germanium epitaxial layer deposition 
was designed largely to satisfy research needs, 
and of paramount importance in that respect are 
analytical instrumentation, variety of evaporation 
and ionization sources, and pumping facilities for 
producing ultra-high vacuum conditions. However, 
as devices are being developed for commercial 
production, other aspects are receiving attention 
such as, e.g., ease of loading and unloading, capa- 
bility to handle large-diameter substrates, and yield 
in the production of semiconductor chips. In this 
respect, see, e.g., 

J. C. Beam et al., "Silicon MBE Apparatus for 
Uniform High-rate Deposition on Standard Format 
Wafers", Journal of Vacuum Science and Technol- 
ogy. Vol. 20 (1982), pp. 137-142. 

Silicon-MBE deposition apparatus typically in- 
cludes evaporation sources from which molecular 
(atomic) beams of silicon and germanium are pro- 
duced by electron-beam evaporation, and the mo- 
lecular beams are directed upwards for deposition 
on a substrate. Typically also, mechanical shutters 
are provided over evaporation sources for the sake 
of precise timing of deposition. 



It has been observed that, due to so-called 
flake-off of particles deposited at various interior 
surfaces of MBE deposition apparatus, upward- 
facing evaporation source-material may become 

s contaminated, resulting in quality impairment of 
deposited layers. Quality impairment may be fur- 
ther due to particles becoming attached directly to 
the substrate, resulting in low production yields. 
For. a general treatment of the physics of par- 

w tides on surfaces see, e.g., 

R. A. Bowling, "An Analysis of Particle Adhesion on 
Semiconductor Surfaces", Journal of the Electro- 
chemical Society. Solid-State Science and Tech- 
nology, Vol. 132 (1985), pp. 2208-2214. 

75 Cited further, with respect to silicon and ger- 

manium oxidation thermodynamics, are the papers 
by 

O. Kubaschewski et al., "Silicon Monoxide Pres- 
sures Due to the Reaction between Solid Silicon 

20 and Silica", Journal of Chemical Thermodynamics, 
Vol. 6 (1974). pp. 467-476. and 
W. L. Jolly et aL, "The Equilibrium Ge(s) + Ge0 2 - 
(s) = 2GeO(g). The Heat of Formation of Germanic 
Oxide" , Journal of the American Chemical Society, 

25 Vol. 74 (1952). pp. 5757-5758. 



Summary of the Invention 

30 In the interest of reduced source material con- 

tamination and reduced extraneous-particle counts 
on substrates, molecular beam epitaxy deposition 
apparatus is equipped with means for reducing 
flake-off of material from interior surfaces of depo- 

35 sition apparatus; such means provide for enhanced 
adherence of evaporated materials on surfaces. 
Suitable in this respect are surface materials hav- 
ing thermal properties which match those of ma- 
terial being evaporated: suitable further is surface 

40 heating so as to desorb possible surface oxides 
before initiation of MBE growth and to maintain, 
during the growth process, surface temperature 
required for epitaxial growth. Particularly favorable 
conditions are realized when material being evap- 

45 orated is deposited epitaxially on an apparatus 
surface. 

Brief Description of the Drawings 

50 

FIG. 1 is a schematic view of a specific 
embodiment of a portion of molecular-beam-epi- 
taxy apparatus designed for minimized flake-off in 
accordance with the invention; and 
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FIG. 2 is a schematic, reduced-scale, cross- 
sectional view of typical MBE apparatus including 
evaporation sources, designed for minimized flake- 
off in accordance with the invention. 



Detailed Description 

FIG. 1 shows electron-beam evaporation 
source 11, evaporation source material 12 with 
molten portion or pool 13, electron beam 14, mo- 
lecular beam 15. cover plate 16 with electrical 
contacts 161 and thermocouple 162, and shutter 17 
with electrical contacts 171 and thermocouple 172. 
Preferably, the size of the aperture of the cover 
plate is just large enough for the molecular beam 
of the source material to be incident on substrate 
18 only, without spreading to other parts of deposi- 
tion apparatus. 

FIG. 2 shows vacuum chamber 21 with valve 
22. vacuum pump 23, and loading port 24 with 
magnetically coupled insertion apparatus 25. Fur- 
ther provided are Auger electron spectroscopy de- 
vice 26. viewport 27, rear-view low-energy electron 
diffraction device 28, sputter-cleaning gun 29. gas 
inlet 30, source flange 31, valve 32, raster-scan 
plates 33. neutral-beam trap 34, valve 35. decelera- 
tion and refocus device 36, Wien mass filter 37, 
extraction and focusing device 38, ion source 39, 
gas inlet 40, and cryopanels 41 . Sample holder 42 
is equipped with a heater 421 and can be rotated 
to face evaporation sources or inspection facilities. 
Further shown, in . correspondence with FIG. 1, are 
two electron-beam evaporation sources 11 with 
source material 12, cover plates 16. shutter 17, and 
substrate 18. Though not depicted. MBE-deposition 
apparatus may further inicude additional facilities 
and devices such as. e.g., a high-energy electron 
diffraction device and a deposition meter. 

The apparatus depicted in FIG. 2 is similar to 
apparatus described in the paper by J. C. Bean et 
al. cited above, whose operation involves a number 
of well-known steps including out-gassing, loading, 
evaporation and deposition, and sensing and auto- 
matic control. Apparatus in accordance with the 
invention is distinguished over prior art apparatus 
in that, in the interest of minimized presence of 
particles, at least a portion of an interior surface in 
MBE apparatus is provided with means for enhanc- 
ing adherence of evaporated material. As a result 
of enhanced adherence, flake-off and attendant 
contamination of source material are minimized. 
The invention is particularly applicable to horizon- 
tal, downward-facing surfaces such as low surfaces 
of cover plate 16 and shutter 17. and any other 
surfaces that may be facing material being evap- 
orated at some time during or after deposition 
operation. However, the invention also applies to 



surfaces whose position is other than horizontal, 
including surfaces facing upward. 

Among means for maximized adherence of 
material deposited on an MBE apparatus interior 

5 surface, in accordance with the invention, are 
choice of surface material to match the composi- 
tion of the material being evaporated; for example, 
evaporation sources for silicon, germanium, cobalt, 
or nickel may be equipped with cover plates 16 

w and shutters 17 made of the same respective ma- 
terial. More generally, surface material may be 
chosen having thermal expansion properties match- 
ing those of the material being evaporated. 

Furthermore, cover plate 16, shutter 17, and 

15 other surfaces may preferably be equipped with 
heating means and also with temperature sensors, 
thereby permitting temperature control, e.g., via 
feedback from temperature sensors to a heating 
current control. Maximized adherence of evapo- 

20 rated material on surfaces can be realized if depo- 
sition on such surfaces is epitaxial; this, too, is 
facilitated by temperature control of suitable sur- 
face materials having suitably matching lattice pa- 
rameters. 

25 The invention is applicable wherever there is a 

possibility of material which had been deposited on 
an interior surface of deposition apparatus to be- 
come dislodged and then fall or be transported into 
an evaporation source or onto a substrate deposi- 

30 tion surface. The invention is of particular impor- 
tance for vertical or near-vertical evaporation sour- 
ces such as, e.g., electron-beam evaporation sour- 
ces for silicon, germanium, cobalt, and nickel. MBE 
apparatus in accordance with the invention includes 

35 one or several evaporation sources as may be 
used to deposit elemental materials, alloys, and 
compounds such as, e.g.. CoSi 7 and NiSi 2 . While 
deposition of compound and alloy layers typically 
involves the use of two or more elemental sources, 

AO evaporation of compound and alloyed source ma- 
terials is not precluded. 

Among advantages realized in apparatus in ac- 
cordance with the invention, and realized by pro- 
cessing in accordance with the invention, are min- 

45 mized evaporation source contamination as well as 
minimized inclusion of extraneous particles on a 
substrate deposition surface. As a result of atten- 
dant high quality of deposited layers, enhanced 
production yield is realized in device chips made 

so from wafers processed in accordance with the in- 
vention. 

The following Examples serve to illustrate the 
invention in the cases of silcion-MBE and of 
germanium-MBE deposition. All numerical values 
55 are understood to be approximate. 
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Example t. 

A silicon evaportion source is equipped with a 
silicon cover plate 16 and a silicon shutter 17, 
equipped with electrical contacts 161 and 171 for 
ohmic heating. Before the electron-beam evapora- 
tion source is turned on, the cover plate 16 and 
shutter 17 are heated at a temperature of 950 
degrees C for 5 minutes. This procedure serves to 
evaporate the native oxide layer from the shutter 
and cover plate prior to deposition; in this respect 
see the paper by O. Kubaschewski et al. cited 
above. The temperature is then lowered to 650 
degrees C, and the evaportion source is turned on. 
During the growth process the shutter and cover 
plate temperatures are maintained at 650 degrees 
C; lowering of temperature to room temperature 
occurs only after the electron-beam evaporation 
source has been turned off. 



Example 2. 

A germanium evaporation source is equipped 
with a germanium cover plate 16 and a germanium 
shutter 17, equipped with electrical contacts 161 
and 171 for ohmic heating. Before the electron- 
beam evaporation source is turned on, the cover 
plate 16 and shutter 17 are heated at a tempera- 
- ture of 600 degrees C for 5 minutes to evaporate 
the native oxide layer from the shutter and cover 
plate prior to deposition; see the paper by W. L. 
Jolly et al. cited above. The temperature is then 
lowered to 550 degrees C, and the evaporation 
source is turned on. During the growth process the 
shutter and cover plate temperature are maintained 
at 550 degrees C. 



Claims 

1. Deposition apparatus, said apparatus com- 
prising a vacuum chamber, evaporation means dis- 
posed in said vacuum chamber, and means dis- 
posed in said vacuum chamber for exposing a 
substrate to a beam of atoms or molecules origi- 
nating from said evaporation means, said apparatus 
being CHARACTERISED IN THAT at least a por- 
tion of a surface of said apparatus interior to said 
vacuum chamber comprises adherence means for 
a material to originate from said evaporation 
means, the material of said adherence means be- 
ing chosen to permit epitaxial-deposition of said 
atoms or molecules on said adherence means. 

2. The apparatus of claim 1, said adherence 
means CHARACTERISED BY heating means. 



3. The apparatus of claim 1, said adherence 
means CHARACTERISED BY temperature monitor- 
ing means. 

4. The apparatus of claim 1, CHARACTERISED 
5 IN THAT the adherence means is present on an 

evaporation means cover plate. 

5. The apparatus of claim 4, CHARACTERISED 
IN THAT said adherence means comprises heating 
means and in that said heating means comprises 

10 electrical contacts on said cover plate. 

6. The apparatus of claim 1 . CHARACTERISED 
IN THAT said adherence means is present on a 
shutter. 

7. the apparatus of claim 6, CHARACTERSED 
15 IN THAT said adherence means comprises heating 

means, and in that said heating means comprises 
electrical contacts on said shutter. 

8. A method for making a device, said method 
comprising depositing an epitaxial layer on a sub- 

20 strate by exposing at least a portion of a surface of 
said substrate to a beam of molecules or atoms in 
a vacuum chamber, said beam of molecules or 
atoms being produced by evaporation from a 
source, said method being CHARACTERISED IN 

25 THAT , during evaporation from said source, at 
least a portion of a surface of said apparatus inte- 
rior to said vacuum chamber comprises adherence 
means for said molecules or atoms, the material of 
said adherence means being chosen to permit epi- 

30 taxial deposition of said atoms or molecules on 
said adherence means, whereby flaking-off from 
said surface interior to said vacuum chamber is 
reduced. 

9. The method of claim 8, CHARACTERISED 
35 IN THAT the material of said epitaxial layer is 

selected from the group consisting of silicon, ger- 
manium, cobalt nickel, silicon-germanium alloys, 
compounds comprising silicon, and compounds 
comprising germanium. 

40 



J5 



50 



55 



0 276 914 





f 16 9ZZ 0 



